2000-269434 



v^\P^NR)057] Description will be made for a method of manufacturing the above- 

described semiconductor device of the present invention. First, as shown in 
SEP 2 8 2001 J 

^ JSg. 2(a), an element isolation insulating film (not shown) is formed on the 

^^AOtSt^semiconductor substrate 10 by the LOCOS method, the STI method or the 
like, and a semiconductor element (not shown) such as a transistor is formed 
on an active region thereof, then an upper layer of the element is coaled, and 
silicon oxide is deposited by, for example, a plasma CVD method using TEOS o 
as a material, thus forming an underlayer insulating film 20. "£! < 

[0058] Next, on the underlayer insulating film 20, a silicon oxide filg* (PSG ™^ 

CD 

— 3T 

film) 21a containing phosphorus of 0 to 4.5 weight% and having a film 
thickness of 100 to 500 nm is formed by, for example, a normal pressure CVD 
method, a CVD method using 0 3 and TEOS as materials, a plasma CVD 
method using TEOS as a material or the like. Generally, the PSG film 21a 
is formed by the normal pressure CVD method; however, it can be formed 
also by the plasma CVD method or a vacuum CVD method. However, it is 
not preferable that it be formed by a sputtering method from viewpoints of 
dust occurrence and charge-up damage. It is preferable that a phosphorus 
content of the PSG film 21a be set at 5 weight% or less in terms of 
hygroscopicity in the manufacturing process. 

[0059] Next, as shown in Fig. 2(b), on the PSG film 21a, for example, a silicon 
nitride film (SiN x : H film) is deposited by the plasma CVD method or a 
catalytic CVD method, a silicon nitride film (Si 3 N 4 film) is deposited by the 
vacuum CVD method, or a silicon oxide nitride film (SiOxjNyx: H film: xl=0 
to 50 (atom%), yl=100-xl (atom%)) is deposited, so as to have a film 
thickness of 50 to 150 nm, thus forming a silicon nitride film 21b containing 
0.2 to 20 atom% of hydrogen. In the catalytic CVD method, it is possible to 
form the film at a low temperature of 200 to 300°C without using the plasma, 
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by utilizing catalyzed degradation of a heating catalyst such as a tungsten 
line disposed in the vicinity of the substrate and material gas. In the 
above-described vacuum CVD method, plasma CVD method or sputtering 
method, the film can be formed under process conditions in typically used 
ranges. For example, a film-forming temperature when the silicon nitride 
film (Si 3 N 4 film) is formed by the vacuum CVD method is about 700 to 850°C. 
[0060] Next, on the silicon nitride film 21b, for example, a silicon oxide film 
(O3-TEOS film) 21c that contains a hydroxyl group (moisture) of 0.5 to 10 
weight% and has a film thickness of 50 to 150 nm is formed by the CVD 
method using 0 3 and TEOS as materials. In such a manner as described 
above, formed is a lower coated insulating film 21 as a laminated insulating 
film of the PSG film 21a, the silicon nitride film 21b and the O3-TEOS film 
21c. 

[0061] Next, as shown in Fig. 2(c), on the lower coated insulating film 21, for 
example, titanium nitride, titanium oxide nitride or iridium oxide is 
deposited by the sputtering method or the like, thus forming an electrode 
coated conductive layer 30a. Next, on the electrode coated conductive layer 
30a, for example, a conductive material such as platinum, iridium, 
aluminum and a laminated body of platinum and rutinium is deposited by 
the sputtering method or the like, thus forming an electrode layer 30b. In 
such a manner as described above, formed is a first electrode 30 as a 
laminated body of the electrode coated conductive layer 30a and the 
electrode layer 30b. 

[0062] Next, on the first electrode 30, for example, a capacitor insulating film 
22 consisting of a high dielectric film made of tantalum oxide, BST, STO or 
the like is formed by a typically used method. Next, on the capacitor 
insulating film 22, for example, similarly to the first electrode 30, for 
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example, a conductive material such as platinum, iridium, aluminum and 
the laminated body of platinum and ruthenium is deposited by the 
sputtering method, thus forming an electrode layer 31a. Next, on the 
electrode layer 31a, for example, titanium nitride, titanium oxide nitride or 
iridium oxide is deposited by the sputtering method or the like, thus forming 
an electrode coated film 31b. In such a manner as described above, formed 
are a second electrode 31 as a laminated body of the electrode layer 31a and 
the electrode coated film 31b. Here, in the case of forming titanium oxide 
nitride films (TiO x2 N y2 film: x2=0.1 to 20 (atom%); y2=100-x2 (atom%)) as the 
above-described electrode coated conductive layer 30a and 31b, generally, the 
sputtering method is used. However, it is also possible to use the plasma 
CVD method or an organic metal CVD method. 

[0063] Next, as shown in Fig. 3(d), after a resist film R having a pattern of 
the capacitor element is formed by a photolithography step, the second 
electrode 31, the capacitor insulating film 22 and the first electrode 30 are 
sequentially patterned by an etching process such as reactive ion etching 
(RIE), thus forming the capacitor element having a structure in which a pair 
of electrodes are opposed to each other by interposing the capacitor 
insulating film therebetween. 

[0064] Next, as shown in Fig. 3(e), after the resist film is removed by an 
ashing process and the like, the above -described element is coated, and thus, 
for example, a silicon oxide film (0 3 -TEOS film) 23a that contains a hydroxyl 
group (moisture) of 0.5 to 10 weight% and has a film thickness of 100 to 500 
nm is formed by the CVD method using 0 3 and TEOS as materials. Next, 
on the O3-TEOS film 23a, for example, a silicon nitride film (SiN x : H film) is 
deposited by the plasma CVD method or the catalytic CVD method, or a 
silicon oxide nitride film (SiO xl N yl : H film: xl=0 to 50 (atom%); yl=100-xl 
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(atom%)) is deposited, so as to have a film thickness of 50 to 150 nm, thus 
forming a silicon nitride film 23b containing 1 to 20 atom% of hydrogen. In 
the catalytic CVD method, it is possible to form the film at a low temperature 
of about 200 to 300°C similarly to the above-described silicon nitride film 23b. 
In the above-described plasma CVD method or sputtering method, the film 
can be formed under process conditions in typically used ranges. However, 
in the vacuum CVD method, the film-forming temperature is so high as 
about 700 to 850°C, and at this film-forming temperature, change in a 
physical structure of the capacitor insulating film or the electrode and 
deterioration in film quality are caused, and accompanied with this, 
deterioration in capacitor characteristic is generated. Therefore, the 
vacuum CVD method cannot be used. 

[0065] Next, as shown in Fig. 4(f), on the silicon nitride film 23b, for example, 
a silicon oxide film (PSG film) 23c containing phosphorus of 0 to 4.5 weight% 
is formed by the CVD method using SiH 4 as a material, the normal pressure 
CVD method, the CVD method using 0 3 and TEOS as materials, the plasma 
CVD method using TEOS as a material, or the like. Generally, the PSG film 
23c is formed by the normal pressure CVD method. However, it is also 
possible to form the PSG film 23c by the plasma CVD method or the vacuum 
CVD method. However, it is not preferable to form the PSG film 23c by the 
sputtering method from viewpoints of the dust occurrence and the charge-up 
damage. Preferably, the phosphorus content in the PSG film 23c is set at 5 
weight% or less in terms of the hygroscopicity in the manufacturing process. 
In such a manner as described above, formed is an upper coated insulating 
film 23 as a laminated insulating film of the 0 3 -TEOS film 23a, the silicon 
nitride film 23b and the PSG film 23c. Next, on the upper coated insulating 
film 23, for example, silicon oxide is deposited by the CVD method using 0 3 
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and TEOS as materials or a high-density plasma CVD method such as an 
ICP type plasma CVD method, an ECR type plasma CVD method, a helicon 
wave plasma CVD method or the like, thus forming an insulating film 24. 
Then, as shown in Fig. 4(g), for example, the insulting film 24 is planarized 
by the CMP process or the like, thus forming a planarized insulating film 24. 
[0066] Next, silicon oxide is deposited thereon, for example, by the plasma 
CVD method using TEOS as a material, thus forming an upper insulating 
film 25. On an uppermost layer as an upper layer of the upper insulating 
film 25, for example, by the plasma CVD method or the catalytic CVD 
method, a silicon nitride film (SiN x : H film) or a silicon oxide nitride film 
(SiO xl N yl : H film) is deposited, thus forming a passivation film 26. In the 
above-described manner, the semiconductor device having the capacitor 
element shown in Fig. 1 can be formed. 

[0067] According to the above-described method of manufacturing a 
semiconductor device, the electrode coated conductive layers 30a and 31b 
consisting of the titanium nitride film, the titanium oxide nitride film and 
the like for preventing transmission of hydrogen are formed on the upper 
surface (upper coated insulating film side) of the second electrode 31 and the 
lower surface (lower coated insulating film side) of the first electrode 30. 
Thus, hydrogen contained in a state of Si-H group or an N-H group in the 
silicon nitride containing film such as a passivation film is prevented from 
moving to the capacitor insulating film 22, thus making it possible to prevent 
deterioration of the capacitor element. 
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miE»2mi^>±Jifesv^ttfrfaM i mm<DTm(D'pte 
50 <7mmmmm£^t?WimmM^ftm£tix\s-& a 
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{b'>y =^R«r-&tpJ6*]RT*fcS 0 
[0 0 2 4] ±iaw*^5W^>¥**3SHfi, Btffc* >^ 

^^v^^tc^T, 4>ft< i:fc£2tt«a>±3n 

vBI^^cote^^ics i-HS^N-HM^l 
[0025] s^tc, sB2«<3ico±BfosvMiHfrfla»i 

[0 0 2 6] £ P>K, ,«B»»JK$:*»<7)SiaS:l»Jh-r 

6 ffi^n t £ mrn-r % mmm k ommtmrnmrn. k 

[0 0 2 7] SkfC, »«*fi»l«S:*»^SiS^KJi:i- 

#6»jk— & tk^ ^ m * mm -t & z k k * 

[0 0 2 8] tifz, ±Sa<^@W£iS/Si-5*:*!>* *3SW 

^s<i/*&mm<D±m^mf&£ntzm2mMk%fi^% 



(7) 3#P^ 2000-269434 

72 

[0 0 2 9] _bfa^*5S^60*af»:3eB(*, Sffitcii, 

mmm 2 *a<^±ji*3«j:u«Hijia« 1 ms^r/i ^p^io 

BSih 5 ftilo fu IS * * ✓ ^> * * K *MM 

^tz^^mm-r^i&mmk^mmmmm^^mm 
jo mmi>mj$.£tix\**z>o id spate**, wm^<^m 

[0 0 3 0] JiE<D*3gW(7)^*fls:3SBH, titit*^* 

-Y * iff OKMft'J f e $ titc tK^ £ 5 & j» 
JBE t ^Hft«^^tfffiSIiI^M £ tiX v > 5 0 

^&5±^^mmmk^^wm'r^mmmk(Dmmm 
»mm&k-rz>z\kx\ mtuy ^>mtn^»<om^ 
&ffi±i-%mmm&mmik^%z\kfr^mktei9 , ^t: 

[0 0 3 1 ] iktz* ±fS<Og^^it^c-r6fcS!), *^SW 
Mt^Iii^tt, miiBS2«ffi^Rfei-5XSW 

[0032] ±mcD#mw<D¥mt$mm<om&j7m*, 
[0033] ±m(D^m(o^mi^mw:(Dm^mn, 

50 #ig(c(i, BufB«2«ffi$r^fiKi-5X^ffi. fc^V^ 
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(effigy*. Hftfi5*»^aiaS:l»JJ:i-S«6»Kt IT, 

CVDffit-J: 9^^c< t fcgflsv'y = v«£^£flfe»II!i 
[0 0 3 4] XfiE^*|gW(0^*fls:i6H<75lijg*ife(i, 

HatE»2mffi^dc-t-5xe<o«(-, 
#iiaSi«SSr^fiS;-t-sxs<offij(c 6 *fe 

^B6ihrs»aJK^*tfT^J»«te»«^^i-6XS 
J&RK^LT, CVD ({L^W^tS^cfi) ifcKJ;9^fc 

< £ t y vsr$w-rs»{b^ y = >m^^mum^m 

[0 0 3 5] ±ta<75**^<^^i»#:SEK<75jKiS*»fi. 

mlffi»2«1lS:^-rsxS^«lc, ilTcfS 

8Ufaglfi;SS:?Kfilt-*-5XSa>Hu(c zk^<7>igi£ 

ffllES7cl»Jt«fi6Sr=fir-r5»fe»iet IT, CVD 

[0036] ±m<D*mw<D¥m&mm<v^jjmz£ 

*«=3£HSr»i6i-SXS^*3^r, HIE ^-^v" 
* iKttffi^ <t tfS5 2 £ * 3 * * ST- <n*}?t£ 

<t^^2ti^)±I^ L< f*g&2*ffi<Z>_bE*5 

>\ mtm.ftfr* ^mih^^mvcJ y v^^ivfti 

^^*i-5*«Ki: IT, TfcSloiSia^Kifci-SIKS: 

ffM-r-So ±ia<^**oaia^i»jLt"r5«s:ffM-r5w 

ittw * n -6 * si a* * -v ^ * t 5 co 
&fft m*p (c^w £ n 6 7km& * * ^ > & mmm* x&m 

[0 0 3 7] £ibt^ »2Sffitf>_hJ13b5lMiffJiE»l 



(8) 2000-269434 
[0 0 3 8] Sfcic. «aM6iBIRSr, zk#<£>Sifi£l»it 

tiTMts-K*, afk^y = vKft ^ zK^aa 

[0 0 3 9] Sfcic, ««fft»R£, *#0)3«£l»it 

-r -s i&aiH <b m5t m±mm & m-t z> $&mm t <omm mm 
[oo4o] ±m<n&#)$:mj&-tz>tifr. 

f^Igi, HufS^r J r^^^^Mco±Ji^^2m^^ 
MtSXSi:, 8ufSH2m^^±ii(-, Tk^aifl*: 

[0041] ±m<D#mw<D¥m&mme)m]kjjm$, 
»atc«, sfiaTK^^Sia^isfiit-t-sieaflSi: it, -f 

7XvCVD (>fb^W«tBfiS:ft) ffifeSl/^fittiaECVD 

[0 0 4 2] ±ie^*^^(Z>^*flcSgB(03Hig**ife*i. 
tfTft'JS«il6»KS:^-rsxS^* f>^t^ 0 

^ [0043] ±ts,<D^m<D^m»ms<r>m^m^ x 

»flc»B«:»(iSi-5XS(c*5(/^T. iltS, 

50 -TZ>Z_kX\ mtz/V ^>mtek'7k / A<nm$i%:$}5±^- ; b 
-8- 



75 

[0 0 4 4] ±fE(OSW£it/£i-5fca&, sMglK 

HljETfl!J»»tt»K^±Jit-»i«1SS:^i-SX 

[0045] ±m^mm<D^mi^mm:(omm^m~±, 

ECVD (ffc^toftlffij**) ffi, ^7XvCVDSfo5 
[0 0 4 6] ±1B<7>*|gWo¥*<*S«WJ4jt*ft(-J: 

[0 0 4 7] 

[00 4 8] % 1 Hlfeflgffi 

M^.tfLOCOSSfc5VMiSTI (Sha I low Trench I 
so I at ion) jfcft ^ic J; 9 ^S*ifc*^«l*6iftR(- J: 



(9) #H 2000-269434 

lit, Mx.tfT EOS (tetra-ethyl-ortho-si I icat 
e) *IiRi:t57 p 7XvCVD (Chemical Vapor Depo 
sition ) fejteif yMf&Ztitcmitio'V 

7t0 — 4. 5lt%0!iy^ft^ 1 0 0-5 0 0 n 
mCOK/^^Mbv-y n>-Jg| (PSGl) 2 1a. ffilx.fi 
ajECVDfefc^tdJ; !9JKj**iXfcO. 2-20ato 
76? mroCOTK^^r^^^ 5 0—150 nmiOBI^iftv' 
y n>^2 1 b, *5J:l^ ffilx.«03 JoiOTEOS?: 
JS3|sfi:-r5CVDffi(cj;i9^fiK*ixfcO. 5-1011 
%<Dfrm& (*#) ^tt6 5 0-1 5 0nm(OlS 

[0 0 4 9] ±SaoTWtt«*6»K2 1 OJiSM. ffijx. 

i*^p)4s»li«3 0^»fi^^Enrv^$ o _hi££>fg 

11S3 0<O±M^. mit&mk?^?^ (TazOs ) , 
BST IT-pls&t'*}) V&^hmsf&J*) *>£>VM*S 
TO (f^y^Fnyf^A) *^(OiS5BI«^R, 

I2 2»*^tl^ 0 _hiao^^^^^»*J» 2 2 

msiak, mz.tix'*v* y ^^&*ifi-<t >9»dc^ 

^fc^^^V^^^^^V^^^b^^. 5 0- 

1 5 0 n m<DJBff<^««tt«a|E«JB 3 1b £>«/l&^(b 

[0 0 5 0] _hfia^^r-r^v'^*^-*S«b-C. ffiJx.fi 

0 3 ioJ:{;TEOSOT^t5CVDjfeHj;^M^ 

tlfcO. 5-10li%OO^S ^^tt^ 1 

40 0 0-5 0 0 n mOJKff^SMb^ y = >JR 2 3a, ffilx. 
tfttJRC VD^^J: Y)Ml&£1x1t. 1 - 2 0 a t o m 
%0**£$*Ti-£ 5 0-150 nm^moiib^y 
3>Bl2 3b, *3«t^ ffil^tf«/ECVDffi*^(c:J;<9 

?Bric**ufcy (psgd 

2 3 c(Dmmmmmxh^±^mmmmm2 

[oosi] ±titmmmmm2 3o_m^ m^oz 

fcJ;l> 4 TEOS^»i:«CVDfe, fo^V^fi, IC 
P (Inductively Coupled Plasma) S^X^CVD 
50 Jfe, ECR (Electron Cyclotron Resonance) S^X 
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9 * CMP (Chemical Mechanical Polishin 

g ) ^m^tizx *>¥mkztitz¥-mt&mm2 4&m 

S^tv^o ^b^(D±m^, WttfTEOSSrg 

tcj: (3^|££*tfc£flSv'y ^VJ^ (S i Nx :HB) 

[0 0 5 2] ±IE<7>«ig0^r^^v'^ai^tc:*3V>T(i, 
« 1 3 0$o£XF$g 2 m^^TSPfc «t t^iilFfl^tl^ 
tl&fS. £ tu/-cm^SI5^mS 3 0a, 3 1btt, 
^^/VJBi: LTttlBg-rSfflK-, a VlBt 2 6 

[00 5 3] TfllJ*«te»«2 l #J;tf±ttlS« 

®f^2 34 3 (7)lft^y^yl2 1b ) 2 3btl.PS 

=*>m2 l bte* *JECVDfetc:«tSii5?adt«35SarffiT* 

[0 0 5 4] Tftfl««lfe»ffll2 1 *5 <t t/_bfflfl»c« 

«ll2 3^PSGi2 1a, 2 3 c fi, (7kB» 

i&BlOCCT, ±«ja«i»»ll!l 2 3<D— ffit LXP SG 
M^ff^T^^t^ ±lill2 5^Lt, PSG 

[0 0 5 5] T«IMI2 1 *5j:^±fti]«« 

*6*R2 3 4^03 fcil/TEOS^I^t^CVD 
ffii^J: *)MJ&£ fremiti/ ] J ^>l%2 1 c , 2 3 a (i, 

^lti^(7) -cffiR^b-r s <t * ^ * mmm^& 

[0 0 5 6] ft£oT, drt^v'^i : P^SLXV^Ife 
SW*t-**;*n£7k (tKB»S) ft 



(10) «fF?3 2 000-269434 

ih) Lfc^^^'>^gBV-^W1"5^gflg|6«-CfeS, 
[0 0 5 7] ±|E<75*|gW^***3£«^fiifi*ffi(-<> 
^TlftW-rSo 02 (a) (C^rf J; 

Sfiioi:, LOCOSiSfefcS^fiSTlS4^J:*) 

^IttMifi'TEOS^M^t^/yX^CVD 

[0058] Ti&mmm2o<D±m^, m^is 

ECVDj£, 03 ioJ;l> + TEOS^Mtt5CVD 
Jfc, *>SV^i, TEOS^II^n/7XvCVDS 
/«CiftC<tf9, 0-4. 5li%(D^^L, 100 
- 5 O 0 n m^If^tt6M'> y ^ Vl (PSG 
m) 2 1 a ^Mt^>o PSGI2 1 afi^ECVDife 

y v^&tcj: VBtiZ-tZZ L< 
PSG12 la^y XD^mmt LTti, Sigxatc 
^tt^P^JStiO^M^^5m4%i^Ti:t-6^i:^ s »^ 

[0 0 5 9] HI 2 (b) t^-T £ o {c. PSGl 

2 1 acO±giC, #J;tte\ X7X-7CVDftfe5l/^» 

icvDSia^^->y ^i(siN x : mm , 

*ECVDjSfeluJ:»)SftV!;3yR ( S i 3 N4 I) „ 

= Vfl|£ (S.i OxiNyl : HAM ; xl=0-50 (ato 
m%) , yl = 100-xl (ato m%) ) #if£r 5 
0— 1 5 0 nmOjRff-CJtSI^Hir-C. 0. 2-20at 

fS^^^Jf It, ^7Xv^i^fC2 0 0-3 0 0 

40 t isxamnm^bn&mm^mtm&mz «t tJfiKiR-rs 

II (Si3 N4 B ^Mf5«iUgfi7 0 0-8 5 

[0 0 6 0] ^it^V 3>-|K2 1 bC0±/liC, #J 

x.(^03 *3J:tJ«TEOS$:JS»i:i-5CVDjSfe(c:J;*) 
0. 5-1 0fifl:%O7Ki»S (tK5» ^ft650- 
1 5 0 n m^flgff^&ffc^y =i ^JBS (03 -TEOS 
flg) 2 1 c^^J«"r^)o Wl^ctpClt, PSG3I2 
1 a , mti/V ^>H12 1 b^oJ:t> + 03 -TEOSR2 
50 l c <o«Ji«*JRr**>5TffiiJtS«l6i»J»2 1 &Mf&-f 



-10- 



19 

So 

[0 0 6 1 ] WtL. 12 ( c ) iCTj^-f X. 0 (C, TISi 
! «S«a*«Ji3 0 a ^Mt^o Scld, 

; m^ss^m^ 3 o a <D±m^. mxsz^^v^v^? 

I ft* 9:^7 ^-2-, ^f!J^^ t/vs~£a, & 
-c\ tiss^ti 3 o a £ m^n 30b <Dmmfcx*ib 

0 4:^1- So 
[0 0 6 2] »11S3 0©1||:, fclxitfBHfc: 

y^^A, t/i^ ^swi^y^//^-^ 
^(Dmm&tet'cDmmmtn&Mmz^, nmm 3 1 a 

ZMfSH-Zo ft*-, m^®3 1 a(7)±@tC, «i 

i3 i b^ii*t*fc5f 2ii3 i eMt?) 0 

T\ ±lE<£>«£««*fM 3 0a, 31b^ ITilbl 
flS^i'jR (TiOxzN,2i; ; x 2 = 0. 1 — 20 
( a t o m%) , y2=100-x2 (ato m%) ) 

jRW-CfeS^, /7X^CVDffife5^litMKCV 

[0 0 6 3] §3 (d) t^-r J: -7*vv 

hffll R^MLfcS, RIE (aCtt^*-^ 

i , ^^^'^^*6»j»2 2^ii;iiii3 o^jiitc/N° 

[0 0 6 4] acid, i3 (e) (C^T J; 5 1^ Tyi/l" 

^V^i^^ftlLT, 0tJ;U*O3 ^oiOTEOS^ 
^ir-TSC VDfcia <9 0. 5—1 0fift%(£>7)c®eg 
(7K5» ^-B^T^S 1 0 0 - 5 0 0 n mWRffCDBMfcv' 
y^^B (03 -TEOSg) 2 3 a IrMtSo * 
(C x 03 -TEOSl2 3a(D±lfC, #Jx.fcf, 

(S i Nx : H0H) , ^XvCVDS, tt 

JKc voffi>iiftd«t 9 8Hfcgfb->y ^>iil (s i Oxi n 

yi : HB ;xl=0-50 (at o m%) , y 1 = 1 0 
0 - x 1 (ato m%) ) &£fSr 5 0 — 1 5 0 n m<D$£ 
m^mm^^X, 1 — 2 0 a t om%(D7Ki^Mt6 
a-fbv-y ^>fl!2 3 b^Mt§ 0 ttBSCVDfel;:*?^ 



(11) 4#P*P1 2000-269434 

Tfi, iifECO^bVy 3V1R2 3 b 2 0 0- 

3 0 o^iSK^xsya-cricie-rs r t &-*imx*$>z> 0 ±m ; 

(7)^X^C VD^S^t^^V ^ y V^&i LTfl j 

#So ffiU ^JlCVDi£fMSIfiW7 00-8 5 0 ] 

70 [0 0 6 5] fttd. IU4 (f) {Z.^k-tX0^. miti/V 
^^m2 3 bco±Jf(;:. mz-\$S i H4 £J^f-*<t^SC 
VDlfc, fffiCVDte, O3 fciOTEOS^^irt 
^CVD^ £>SW3\ TEOS^I4tt5^7X-7 
CVDjfe*ift-«t 9. 0-4. 5fift%cDy^^^-r 
SBHt^^yR (PSGR) 2 3cS:Mt5o P S 
GJK2 3 cfi^/±CVD^^J:i9^1-Sr^^-^ 
T*£>S;6^ -f^X^C, VD^ffiC VDT&tdJ; 
i-$wtfcprffit?fcS 0 III, ^^M^t-^ 
ryT'y^-^g*^^'^ y ^ifclc:* 9^ 

i%OTtt^)I<h^LV^ J^_LtD£ 5KLT % O 
3 -TEOSi23a, £<fc; V y = VHI 2 3 b *5 J: Tf P 
SCSI 2 3 c<Z5aSJteafflt-Cfe5±«Jtt«il»»K2 3£ 
Mffc-tZo #cld. ±{R0*«*6»K2 3 co_b«*ci^ 
03 joil/TEOS^^f^CVD^ feSUMi, 
ICPi7°7X-7CVD^ ECRH/7X-7CVDS 
#>5USi^y ^>t7°7XVC VDM^lM/7 

x-^c vDfe/«c^tc«t sBMkv'y = >-£:*g«i*-e\ 

50 1S2 4MI, i4 (g) (d^-TJ:5f-. Wt^CM 
P*Q.S*^tcj: ^tfijbLT, ¥a^»6»JK 2 4 t -r 

So 

[0 0 6 6] }^tC, MjL&TEOS&m'&b'i-Zzf?* 

tdi: 9 , mtis}) nyKSiNx : Hi) feS^fi^ 
itmiti/V =t^m (S i Oxi Nyi : HJS) «:*i«f*-fr, 
^ s 7^-^3>f 2 6«t^) 0 J^Jt-C, UlltC^: 

So 

[0 0 6 7] ±E«>*W*KKw«5fc*ffifc:J:*Ltf, $B 
2m#3 l (7^±® (±iIijKH^tg^IJ) Silti3 

3 0a, 31b ^rff^/S LT£5 9 s -/^y ->^<— ^Ig/^ 
t'^mti/V ^V-aWHf^tCS i -HS^N-HMt' 

»i" S <D £PA\ik L , -v v- ^ *T-<75^k B6.it "C # 
50 So t 
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[0 0 6 8 ] P SG»fc^(-$W£*x5*# . (* 

mm) (Dmrnzm^zmmzm-tzmt^v ^>m2 

lb, 2 3beMttio^ (7K(^S) dS^r-Y^ 

ik&&5ikx*ZZ> 9 T«IM2 1^«^ 

y =J^JBI2 1 bf*. *JECVDife(cJ:5iiS?fidcfe^pr^ 

[0069] frft (*mm) zwptzmmzm 

PSGH2 la, 2 3 c L T;fo 9 , iS£<E>zk#<Z> 

SiS^BSiti-Sw ir^s-c#5o £ <bl-^ <D P S GJRfi, 

±ft"Jtt«»»lR2 3<Z>— fflt LtPSGlHMt5^ 
=bt)U:, ±JfJ6»IR2 5 £ L"t\ P SGJKfcffi^Sr 

[0 0 7 0] £7t, ^-r^^^^^iBS^a^TK^ 

2 1c, 2 3 a *^J*L-C*3 9, **<OSiaS:Kihi-5 
[0 0 7 1 ] t^oT, ^^^fftT-£ffif§LT^£l£ 

Kit) Lfc**^^£^j£rsr £j&s^#5 0 

[0 0 7 2] ±I2(7>«®(-*3V^T, S2 8S^±® (± 
<M*«»*fflt«J) Illi^TI (Tffi'J««»aiK 

[0 0 7 3] *^J6^ffi(c:«S^*fls:Jg«fi, m 

LOCOSS^ST I ife^iftCj; 

5o ±Eco**frSffii o±tc«, #*I#KSE 1 0 _hco 
iLt, feSV^ft, 1 ot^rit^n^^ 



(12) #8B2 000-269434 
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%Tmmmz o^jf^$^tv>^ 0 _bis^T±fe^M 

2 0(D±^tL «x.tf»JEC VD^^ta 9 

fcO — 4. 5li%^)!J >^r^W-t"5 1 0 0-5 00 n 
m<OK*<©»fl^>y a^JR (PSGI) 2 1a, fi&JxJi 
«JECVDffi<Cif«cJ:i9?gfi!c$tu^:0. 2-20ato 
m%(0^m^:^^-^> 5 0—1 5 0 nmWlf^i^i/ 
yny!21b, 0(x.tfO3. js^^TEOSS: 

Jg)|*i:i-5CVDfe(cJ; DJKdcSttfcO. 5-10ti 

%<D*Mm (*$» sr^w-rs 5 0 - 1 5 0 n m<omm 
w (Dmitry =^>i2i c<Dmmmmmx*$>z>TMWim%& 

[0 0 7 4] ±fBcOLfcTifiJte»JR2 0 *3 J: U«Tft"J«« 
»»2 i^MilUT. tetfc/I 1 1 iCiti-6^>^^ h 

[0 0 7 5] ±iE^T«J»a«»IK2 looiiJfi^ ^ 
^l 2(cJK3K-rs J: ^ y^^ffi*irt-«t 5^ 

&m.Mmm (^yr^^/H) 30 at. mz-t-zx'** 

^Illi3 0^J&£tbTV^ o ±l5^mimtl3 0 
Mtt, #JxJ£^^>^ (T3205 ) , BST 

2^dcSixrt^5o ±ia©^^^^^*ftiBiK2 2<z)± 

lat, fi*]*.***'*^ y ^^jfe^iftC.t 
mt^f^mkMik^f^te 50-15 
0 nm<73Rl50««a«*«Ji 3 1 b ^SBW^/jlS 

[0 0 7 6] Ji|BO^^^^^*T-S:«»LT, ^'Jx.fi 

03 *3±tJ«TEOSS:Mit5CVDSluJ:9M^ 
^0 fifcO. 5-1 0S*%<!07K*S (tK5» SrtttS l 

0 0-5 0 0 nmWlff(O»ft^y3yH!2 3a, 0>jx, 
JiftfejftC VDife*ir(C«t tJJ^dt^ixfc 1 - 2 0 a t om 
%0>*i!§£:^fr*"5 5 0 — 1 5 0 n m<D&yg<D&ik-> V 
^>Sl2 3b, *5«tO«, ^Jxi^^JECVD^^^tcJ: <9 

ff^^tbfcy v-sr^rrsstffcvy ^^fli (psgd 

2 3 c W«JW»»JBT*feS±miJ«««»K 2 3 

[0077] ±i%mm$&m m 2 3 (o_h^tc. F'jx_fi03 

50 Pi/7X-7CVD^ ECRi^7X-7CVD^6 
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c vDSft^ci 9^/&£ftfc$Hbv'y =* vt^&9 , 
cmp a&s* ^ «fc 9 ¥±t^b * ft ¥*af kft a»; 24^ 

7fM£ftT^£ 0 £b\Z.^;<D±m^, WttfTEOSS: 
^4 ^ 1 5 ^7 c V D DffM ^ ix/ciltv' !i 

= va>kft5±s&»iR2 5^dc$ftrv^5 0 -hs*fe 

ffitc J; 9 JfcjS £ ft fc^fli v- (SiN» : HflU) 

[0 0 7 8] ±|E^BI5tC^r«5firo¥**3S«»i, H 

[oo7 9] as 2 mmmm 

8R2 1dsPSG (yyft^tt5*ftv'y= 1 ^) 112 
1 a tmti/V =^^2 1 b<0«»fto»b«/fi£ft"C^ 
£ l^Wl^Os -TEOSl2 1c^Lt^ 

±fli»««gK2 3^ffltv'y3y 

R2 3 b 4:±JiP SGJg|2 3 c©9iW^i^SixT 
1 03 - T E O Si 2 3 a ^ 

[ooso] ±iE«)*itais»iiBJ=:«5**ffK«<o»a 

MK|i3«"Cfc!K Tfl!l«flMe8« 2 lfei^fflJKa* 
1I2 3C0WI§(C^V^, ^ft^rftOa -TEOS 

[0081] ±u<Dmm<o** '<i/*&. mi mmmm 
[0082] » 3 mmmm 

sir 2 i & p s g ( y ^ztt-tzmti' y = » si 2 
1 a h&te^v ^yS2 1 b^asfr^ibflidcSft-ci/^ 

£ (*ljSJ6?g1ll^03 -TEOSg2 1c^UV^ 
ft^) -h(RiJKB«6»IBI2 3^a^->y =^ 

i2 3b^i«^^ti^ (mm^^tc^ii- 
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503 -TEOSl2 3aio ( J;U!PSGg2 3c^L 
[0 0 8 3] ±EO*ltlfiJgffiJC«6*ac«:3fi«03H5t 

#8= \±m 1 hjstbhh-w -5 ^s»*agiicD«ia*isfe t mm 
mzmmx+$>v, TMWsm&&i2 ns£xf±.®mmm 

W2 3<DMl$LXM\Z&\,*X. ^rft-^ftOs -TEOS 
*0«i6X&4:«»U ±«»«l»H2 3©**Ii 
trfcv^P SGM<oK5SXS^«»rsr t(c:«t f9»^K 

70 [0 0 8 4] ±M<omm<D*-rs<i/?\^ JS 1 ^JSTKffi 

[oo8 5] m 4 mmmm 

20 8«2 1i51ftv'y3yR2 1bfc03 -TEOSI2 

i c6oasflcd*p>1»^Sft"rv^ (* l HJSJKffio p s 
g (yy^«»>y ^» 12 1 a^f uv^ 

fc^) d<b, -hifi!J««*6»IR2 3iS03 -TEO 

Sg23a tlftvy 3 VJHI2 3 b^MW^iS* 
ftTl^S (»lHJfi?gffi{C*3tt«P SGI2 3 c £r^L 

[0 0 8 6] ±E<0*HJfi«J«^«6*W»»«^»3t 

«j[c|^«"t?fc?) % TfflStSB*6»K2 l*5J:t;±ftiJ«aite 
50 »«2 3<7??^J*xe^*3V^T, -tft^rftP SGJR^)M3fi 

[0 0 8 7] ±IS(D^itO^^^'>^fi. *l3SiS7»ffi 

<k£*tz>~t&x$z> 0 
[0088] m 5 mmmm 

mM2 1 ^^kv-y =yR2 1 bO*IiSiftot^ 
5 (S41MI^03 -TEOS«2 1cSrlTLt^ 

[0 0 8 9] ±IEO*IIJ6^ffi(c«5*«flcgB(Oa{aS 

wtci^«-ea>9, Tfflj«««aJK 2 1 ©r^ia^^p 

03 -TEOSJ»<7?K5SXSS:«li»-t*SCli:(-J:f9 

50 [0090] ±ia^«jgco^^^ o ex^fi > mimmmm 
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[0 0 9 1 ] % 6 Hjfe^ffi 

5*Wf*:36«i:3iStW^I^«"eS>f9. 31 5 IIJSTgli i: |ig 

(^5H^^C0O3 -TEOSl23a$:fL 
[0 0 9 2] ±!5(0*||*^ll8{-«S^*flc3S«O»ig 
»K|13«-C?fc?K T«l««Jft»K2 3^dtXS(^S3^ 

[0 0 9 3] ±lB<a«J§<a**'*i'*H:, S&5 3g*7g1B 

[0 0 9 4] » 7 HfiSflgflg 

Hf^-fC^T, m 2 V* if<^« 

«T*fc*o W»«r*UTV>5^, ±flJ««««K 2 3 
Jfi?glS<003 -T£OSi2 3a^ttV^V^) £ £ 
[0 0 9 5] W!;^* LOCO Sffifc if tc J; vrntiUZtLiz 

m^mmmm\z^ <o ^m^ntz^m^mm i o 

^cofStt«4Et-*3V h 9 9 1£ if cd^HI^cq^ 

^mmmm±^m^x, ^^ifTEos^^t 

5^7XvC VDffiftiffciJ: imiSSnfcgMfcv'y ^ > 
*ftiKJR2 0(7?±Ji^, WI£tf#i£CVDfe*ifKJ;»3» 

5ii%^yym«ioo-5 

OOnm^If^b^y^Vl (PSGI) 2 1a 

Mtl&U&CV V fete tie £. QMf&ZtlltO. 2~~ 
2 0 a t o m%<£>**£r<g-^r-f-5 50-l50n mGQ@g 
mortis » z3>Wk2\ b(^aJg*6*JBS-efeSTftiJtK« 

[0 0 9 6 ].lE©Tffl8ailfi8«2 1 0±IIC, 



(14) #^2 000-269434 

if I-* *9 S tLfc^tt;^ is^mt&fc?-* >t£ Zt>* 
y v^jfefcifKiJ: ^^dcStvfe^^^-^ 

<*})z? $ & tn Hcomm&tfm- h & 5 wis 3 0b^i 

11(13 0(^1:11:, WxttKfb^^^^ (Ta20 5 ) N 
bst (^y^y)^fnyf-^) S>£lMiS 
70 TO (f^y^hnvf^^) fcifOjSR«*jBL fc 
£VM3* SBT (SrBi2Ta209) ft if Y 1 ir mXtiZik 
OfcSWWS, 5 1 9, 2 3 4f^«) ^PZT 
(PbZrCh ) ft if <£>&R«f*BM» * 5 * * V * tgftffi 

2 2^M^HTV^-5 0 ±IE^^-y/<v'^»ll:ffll2 2<D 
±JB(C ffil^tf^^y^ y v^fcfti^cj; t?»ricS^ 

20 [0 0 9 7] _hKtf>^'^>**^£««L-C, Wlxtf 
ttjSECVD«fe*if^J:i3Jgj«;*tlfcl'-2 0 a t om% 
WTk-sSSr-^^Ti-S 5 0-150 nmrofltffcoa^'>y =* 
y!2 3b, &£t/. 0il*.WMitffC VDj£ftiftc£ fjjK 

^esttfcy >'*-&w-rsae^>y 3>bi (psgw) 2 

3 c wa«»3R«^*>SJiftiJtt«Jfe*«2 3^J&£^ 

[0 0 9 8] ±4U%S£»1R2 3 #Jx_tf03 
*3j:tJ«TEOSS:JSJ|sfi:-t-5CVDffi. IC 
ECRl^7X^CVDi£fcS 

CVD&ftifdJ: Vmj&&thfcm4t^V = >7&>P>ft *?, 
CMPtoS>5cif(w«J:f?^fflft:*nfc5pa^»&aJK2 4 a* 

3^b<CS-hS*6»ffl[2 5jasjg/££*b-C^5 0 ±«« 
§12 5^_h^T-fo>5^±®{C, ^Jx.{^7XvCVD 

ifetcj: !9?gfiKSixfca^y (s i Nx : HR) 

[0 0 9 9] ±!5^*llil6?^ffi(c«S*«*S«o»5S 
^0 *»Ht» 2 Hj»?BlBlc«5#*f*:K«ro«iS*tti: *K 

^r, »Stt«*»Jl^XSSr«IBS-rSwt(iiJ:-9?edc 
far 

[0 10 0] ±8SW«5S^^-V^v'^^ S2HJfi^1i6 

[oioi] ^M^^atflcasafe^^^Kag^s 

50 ±KO||J6C0?g1B(C|5S^Sn*V\ ^rt^ 
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5:iTO5 0 ^t^^^^ttfi, DRAM 

[0 10 2] 

[3SW0>8b*] *|6M(^J:tb(i, DRAMco^^ey ^r-v 

[Hi] 0 i \*m i nife^ffi^s^asftrssa^wfSH 
[B2] a2ftminMmi&\z&z>¥m»mw.<DK7&jj 

-tZ>m\Li/V=> (PSGI) JK^JgdcXS^T*, 

(b) f*03 ^iOTEosw^ta^bv'y^y 

MMlltt\ (c) l±8 2 8tti/j;SioMl 
[03] 0 3J20 2<E>«g£<Z>XS£^U (d) (i^r-T 

^^^ai^©^^ — ^*dxxs*t% (e) raster y 

[14] 0 4l*0 3(D«£<oxgS:^U (f) 
{ti-5fc«xz?Jlfei»JK©^fi8xs*r\ (g) fi¥*fifbx 
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[0 5] iSlil 1 ^J6^ffi*-«5J3'Jw«5SSr*-*-S* 
[16] H6(i»2|iffi^ffi^S^z»fls:Kll^»TE[il 

[0 7] m7{$m3^mm^&&*mfcmw:(nmmm 

[0 3] EI8(iS4^1ifiJgffi«c«S#«#:3S«<0»fEBI 

XfoZ> 0 

10 [i9] EI9ttlB5li*^ffi^«5^fls:3gfia3»r®|g| 
[0 10] 0 1 OH«6Sa£^<BlC«S¥a»fls3S«^Wf 

[01 l] 01 ifi»7^ifi^ffi(c:«5**fls3S«o»r 

[0 12] 01 2«»lffi5KCT(c«S¥*#:3S»o»fS 
0"C*>£ O 

[013] Mi 3nm2vt^m^^^m^m<DWrm 

20 [W-g-^ftt^] 

10-^*1C 1 1 -fefti, 12-^7^ 2 0 
•■•T±ffi*63RIBt, 2 1 -TttiJtt«itei»flK^ 2 1 a ■•• P S G 
2 1 b -Hitiy]) 2 1 C---03 -TEOS 

Bt, 2 2"4t^>^«iE 2 3-i«l»IftftR, 
23 a -Os -TEOSl, 2 3 b-lftv'y =^8, 
23c-PSGg, 2 4-¥±ltttE 2 5--±Jl*6 

0a-l«liil (/<y */HB) s 3 0b-ft 
fcfS* 3 1-l2tS, 3 1a-tii, 3 1b-|S 
30 M^li, CH-3y^^h^v 0 
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